Introduction
Hypertension is the leading preventable cause of premature mortality worldwide [1, 2] . Consistent with the global trend, hypertension is also the single most attributable cause for mortality in Asia where some countries continue to experience increasing rates of cardiovascular disease (CVD) mortality along with low disease control and awareness rates [3, 4] . Several factors contribute to the high burden of hypertension in Asia. These include an increasing influence of Western lifestyle, an ageing population, high salt intake, an obesity epidemic, and-compared with Western countries-a higher morbidity and mortality from cerebrovascular disease [5, 6] . Effective prevention and control of hypertension remains a challenge in the region, with barriers including cultural practices that promote unhealthy behaviours and misconceptions about hypertension, high smoking rates, high out-of-pocket treatment costs, and poor treatment adherence [3] .
Dramatic reductions in CVD mortality are possible, as shown by the 37% reduction achieved in Korea between 2000 and 2012 with an accompanying mean reduction in systolic blood pressure (SBP) among adults of around 10 mm Hg [4] . This level of blood pressure (BP) reduction was attributed to improved hypertension awareness, treatment, and control rates. However, effective screening and diagnosis are also critical components of hypertension management and CVD prevention, and there is growing recognition for the role of out-of-office BP monitoring [7] . Home blood pressure monitoring (HBPM) is a convenient and standardised tool recommended by several national and international guidelines as an adjunct to conventional office BP measurements due to its diagnostic accuracy and prognostic value in predicting cardiovascular outcomes [8] [9] [10] . However, many patients in Asia are yet to receive this level of intervention [11] .
Herein, we summarise the evidence-based consensus recommendations of an expert panel on HBPM convened for Asia. It is anticipated that these recommendations will help guide clinical practice in the region, with the aim of optimising BP monitoring and therefore improving the management of hypertension.
Materials and methods
The panel's consensus recommendations were the output of a meeting convened in Seoul, Korea, on 24 September 2016, and based on a review of evidence from meta-analyses, randomised controlled trials (RCTs), and other relevant data on HBPM. In order to ensure applicability of any findings to diverse Asian populations, emphasis was given to data sourced from the region. However, where evidence was based on studies conducted outside Asia, the expert panel used their clinical expertise and judgement to analyse the findings in the context of hypertension management in the region.
Results
The expert panel identified key items relating to HBPM for discussion and consensus statements and their scientific evidence base are discussed herein. Specific recommendations for each item are summarised in Table 1 .
Accuracy of home BP for diagnosis of hypertension
Initial diagnosis of hypertension conventionally involves clinic-or office-based BP measurements. Discrepancies are often noted, however, between BP measurements taken in and out of the office. Office-based BP measurements are usually higher compared with ambulatory blood pressure monitoring (ABPM). The magnitude of this discrepancy was assessed in a sample of almost 13,000 treated patients with hypertension [12] . Whereas 23.6% of patients were considered to have controlled hypertension based on office BP measurements, 51.6% were controlled according to daytime ABPM. Among patients with an average daytime ambulatory BP of <135/85 mm Hg, 33.4% were considered to be resistant based on an office BP measurement of ≥140/ 90 mm Hg. Conversely, among patients with uncontrolled hypertension based on an average daytime ambulatory BP measurement of ≥135/85 mm Hg, 5.4% were considered to be controlled based on an office BP measurement of <140/ 90 mm Hg.
Similar to ABPM, HBPM provides multiple BP readings over several days. Its use continues to gain acceptance as data accumulate and accurate equipment becomes more widely available. The relative effectiveness of clinic BP measurements and HBPM was compared with ABPM for the diagnosis of hypertension in a systematic review [13] . Compared with ambulatory monitoring thresholds of 135/ 85 mm Hg, clinic measurements over 140/90 mm Hg had a mean sensitivity and specificity of 74.6 and 74.6%, respectively. In comparison, home measurements over a threshold of 135/85 mm Hg had a mean sensitivity and specificity of 85.7 and 62.4%, respectively. Based on ABPM as the reference standard, the investigators concluded that neither clinic nor home measurement on their own had sufficient sensitivity or specificity to be recommended as a single diagnostic test, with both resulting in overdiagnosis. However, they also acknowledged the improved sensitivity of HBPM compared with office measurements and the suitability of HBPM for excluding hypertension given its greater availability compared with ambulatory monitoring. Class I: evidence and/or general agreement that a given treatment or procedure is beneficial, useful, effective (is recommended/is indicated);
Class IIa: weight of evidence/opinion is in favour of usefulness/efficacy (should be considered);
Class IIb: usefulness/efficacy is less well established by evidence/opinion (may be considered);
Class III: evidence or general agreement that the given treatment or procedure is not useful/effective, and in some cases may be harmful (is not recommended).
Levels of evidence:
A: data derived from multiple randomised clinical trials or meta-analyses;
B: data derived from a single randomised clinical trial or large nonrandomised studies;
C: consensus of opinion of the experts and/or small studies, retrospective studies, registries BP blood pressure, HBPM home blood pressure monitoring
Recommendation 1
HBPM is an accurate adjunct for diagnosing hypertension when a validated device is used and the measurement is performed correctly, and leads to more appropriate targeting of treatment rather than relying on clinic measurements alone (Class I, Level of Evidence B).
Method of measuring home BP
Numerous guidelines and recommendations for home BP measurements have been published globally, including the European Society of Hypertension (ESH) practice guidelines for HBPM [14] , the Japanese Society of Hypertension (JSH) guidelines [9] , the China consensus document on HBPM [15] , and the Korean Society of Hypertension guidelines [10] . All these guidelines have subtle differences, perhaps reflecting differences in local clinical practice, practical implications of BP measurement, and cultural considerations. For example, these guidelines typically recommend taking a sitting BP measurement after 5 min of rest, but the JSH guidelines recommend a rest period of 1-2 min. In the Japanese and Korean guidelines, an HBPM observation period as long as possible is recommended, while the European and Chinese guidelines specify an observation period of at least 3 days and 5 days, respectively. The Finn-Home study evaluated home BP measurements in an unselected Finnish population of more than 2000 subjects aged 45 to 74 years to determine an optimal schedule [16] . Prognostic data from this study showed that home BP measurements taken twice in the morning and again in the evening, preferably for a period of 7 days and for a minimum of 3 days, provided the best estimation of a patient's BP level. The 10-year follow-up results from the Ohasama study of almost 1500 Japanese people found that the predictive value of HBPM increased progressively with the number of days of measurements [17] . When multiple days of measurements were taken, HBPM more reliably predicted the risk of stroke per 10 mm Hg increase in SBP; with a mean of 25 days of measurements, HBPM predicted a 35% increased risk of stroke per 10 mm Hg increase compared with a predicted risk of 20% for a 2-day HBPM period.
Recommendation 2
The expert panel recommends conditions of monitoring that include taking the seated BP after 2 min of rest preferably without smoking, alcohol consumption, or exercise for the previous 30 min, and permitting the placement of the arm cuff over light clothing. At initiation of HBPM, before follow-up appointments and after adjustments to treatment (e.g., dose titration), at least two readings-with a 1-min interval-per occasion should be taken twice daily for a minimum of 3 days and preferably 7 days. For long-term HBPM under normal circumstances, one reading per occasion may be more convenient and sustainable for patients. Morning BP measurements should be taken within 1 h of waking, after urination, and before breakfast and drug intake. The evening BP measurements should be taken before going to bed. An elevated BP is considered to be a mean home BP of ≥135/85 mm Hg. Morning BP is a better measure than evening BP to exclude the effects of different evening activities in Asia, and to more accurately determine the pathophysiology of BP variability (Class I, Level of Evidence B).
Predicting cardiovascular outcome: office BP or HBPM?
The two major categories of discordance between home and office/clinic BP measurements are white-coat hypertension involving elevated office/clinic BP with normal ambulatory or home BP measurements, and masked hypertension involving elevated ambulatory or home BP measurements with normal office/clinic BP [18] . HBPM is not influenced by observer bias and the white-coat effect, and delivers greater reproducibility than casual BP screening. The prognostic benefits of HBPM have also been well established and there is relevant regional evidence supporting the use of HBPM to predict cardiovascular outcome. In the Ohasama study of more than 1700 subjects aged ≥40 years who were followed for a mean of 6.6 years, home BP measurement had a stronger predictive power for mortality than office-based screening BP measurement [19] . Another Japanese study used data from the HONEST study to investigate the relationship between on-treatment morning home BP and incidence of cardiovascular events [20] . The HONEST study was a prospective, observational study of more than 21,000 patients with essential hypertension who received antihypertensive medication over a mean followup of 2 years. The risk of a major cardiovascular event was significantly higher in patients with on-treatment morning systolic home BP ≥ 145 to <155 mm Hg (hazard ratio (HR), 1.83; 95% confidence interval (CI), 1.12 to 2.99) and ≥155 mm Hg (HR, 5.03; 95% CI, 3.05 to 8.31) compared with <125 mm Hg. Morning systolic home BP associated with minimum risk was 124 mm Hg. Additionally, a recent analysis from the HONEST study demonstrated that morning systolic home BP ≥ 155 mm Hg was associated with an HR of 6.24 (95% CI, 2.82 to 13.84) for predicting future coronary artery disease compared with an HR of 3.51 (95% CI: 1.71-7.20) for clinic SBP of ≥160 mm Hg [21] .
The expert panel also considered other studies that evaluated the prognostic role of HBPM. Among these, the Japan Morning Surge-Home Blood Pressure study aimed to determine the optimal time schedule for HBPM to best predict stroke and coronary artery disease in over 4000 Japanese people with a history of, or risk factors for, CVD [22] . During a mean follow-up of 4 years, morning SBP was shown to improve the discrimination of incident stroke beyond traditional risk factors including office SBP; as such, the authors concluded that morning home SBP itself should be evaluated to ensure best stroke prediction in clinical practice. The Finn-Home study found that in more than 2000 randomly selected subjects followed for a mean of 6.8 years, home BP measurements was a stronger predictor of cardiovascular risk than office BP measurements [23] . When both home and office BP measurements were included in predictive models, only home BP predicted cardiovascular events with an HR per 10/5 mm Hg increase of 1.22/1.15 (95% CI, 1.09 to 1.37/1.05 to 1.26). SBP was the sole predictor of total mortality (HR, 1.11; 95% CI, 1.01 to 1.23).
Recommendation 3a
The expert panel confirmed its view that HBPM is a better predictor of cardiovascular outcome than office BP. When there is a discrepancy of diagnosis between office and home BP, a home BP-based diagnosis should have priority and, when possible, be confirmed by ABPM (Class I, Level of Evidence B).
Recommendation 3b
Morning hypertension, assessed by either HBPM or ABPM, is a better predictor of prognosis than clinic BP (Class I, Level of Evidence B).
Recommendation 4
For antihypertensive treatment strategies based on HBPM, the target home BP level should be <135/85 mm Hg (Class I, Level of Evidence B).
Strict antihypertensive treatment targeting a home systolic BP level of <125 mm Hg may have benefit in high-risk Asian hypertensive patients, especially those with diabetes or chronic kidney disease, and/or CVD (Class IIa, Level of Evidence B).
Improved BP control and prognosis: office BP or HBPM?
Despite the positioning of HBPM in international guidelines, 2013 guidelines of the ESH and the European Society of Cardiology (ESC) recommend that the diagnosis and treatment of hypertension should still be based on office BP measurements [24] . The same guidelines recommend that ABPM and HBPM should be utilised to assess treatment, white-coat hypertension, masked hypertension, and hypertension in pregnancy. This view was endorsed by the findings of a trial conducted in Belgium and Ireland involving 400 patients with an untreated diastolic BP of ≥95 mm Hg who were randomised to home-or clinic BPbased treatment and followed for 1 year [25] . In this study, adjustment of antihypertensive treatment based on home BP measurements led to less intensive drug treatment and lower costs than office BP measurements, but also resulted in less BP control with no differences in general well-being or left ventricular mass. Home BP measurement was effective at identifying patients with white-coat hypertension. More patients in the home BP group stopped treatment compared with the office BP group (25.6 versus 11.3%, respectively; P < 0.001), with no difference in progression to sustained multiple drug treatment (38.7 versus 45.1%; P = 0.14). Overall, the findings supported an approach in which HBPM is used as a complement to conventional office BP measurements for the adjustment of antihypertensive treatment.
The findings of the Staessen study reinforce the importance of treatment adherence. The relationship between HBPM and medication compliance in patients with hypertension was evaluated in a 6-month prospective study in Spain involving 250 patients with newly diagnosed or uncontrolled hypertension [26] . Following randomisation to HBPM or standard care, medication compliance defined as drug consumption of 80-110% was 92 and 74%, respectively (P = 0.0001), suggesting that HBPM is effective at improving compliance. The number needed to treat to avoid one case of noncompliance was 5.6 patients. Moreover, a systematic review and meta-analysis that included 9446 participants randomised to home or clinic BP monitoring concluded that the former is associated with less therapeutic inertia [27] . The investigators additionally reported that compared with clinic BP measurement, both systolic and diastolic BP improved with home-based BP monitoring. HBPM was associated with more frequent medication reductions (relative risk (RR), 2.02; 95% CI, 1.32 to 3.11) and the RR of therapeutic inertia was reduced by 18% (RR, 0.82; 95% CI, 0.68 to 0.99).
A recent RCT evaluating the effect of HBPM with selftitration of antihypertensive medication compared with usual care warrants consideration. This primary care study involved 552 patients aged ≥35 years with a history of stroke, coronary heart disease, diabetes, or chronic kidney disease with a baseline BP of ≥130/80 mm Hg [28] . The target office BP was 130/80 mm Hg compared with a target home BP of 120/75 mm Hg. After 12 months, mean BP decreased to 128.2/73.8 mm Hg in the home BP group and to 137.8/76.3 mm Hg in the control group, a baseline-corrected treatment difference of 9.2/3.4 mm++ Hg (95% CI, 5.7 to 12.7 systolic; 95% CI, 1.8 to 5.0 diastolic). These results suggest that self-monitoring with self-titration may be feasible if patients are carefully monitored by healthcare professionals.
Recommendation 5a
The expert panel recommends that the diagnosis and treatment of hypertension should still be guided by office BP readings in areas where HBPM is not readily available in Asia. However, the panel also acknowledge that HBPM can improve adherence when combined with active intervention, and thus improve BP control compared with current standard care alone (Class I, Level of Evidence B).
Recommendation 5b
Self-monitoring and self-titration may be feasible if carefully monitored by healthcare professionals and help improve BP control. However, local policies must be adhered to as self-titration is not recommended in certain countries (Class IIb, Level of Evidence B).
Chronotherapy based on home BP measurements in the morning
The frequent occurrence of cardiovascular events in the morning is a well-known phenomenon that is associated with increases in ambulatory BP during the early morning, as well as changes in psychological and physiological indicators of stress [29, 30] . Although the presence of morning hypertension can be assessed by both ABPM and HBPM, the advantage of HBPM is that frequent assessment of morning BP control can be performed using home BP measurements which would not be feasible using ABPM devices. Assessment of morning hypertension is important, even in patients with well-controlled office BP. In the HONEST study, cardiovascular risk was increased in patients with morning home BP > 145 mm Hg and clinic BP <130 mm Hg (HR: 2.47, 95% CI: 1.20 to 5.08) compared with patients with morning home BP <125 mm Hg and clinic BP <130 mm Hg [20] . Therefore, efforts to control morning hypertension, even in patients with wellcontrolled office BP, are needed. Morning hypertension may be classified as the nondipper/riser (nocturnal hypertension) type, which is characterised by persistent high BP from night-time to morning, and is associated with increased risk to target organs and cardiovascular events. Morning hypertension may also be classified as morning surge, which is associated with extreme BP dipping at night-time and increased stroke risk. The Japan Morning Surge-1 study investigated the effects of doxazosin add-on therapy at bedtime in treated hypertensive patients with selfmeasured morning SBP levels >135 mm Hg [31] . The addition of a bedtime dose of doxazosin significantly reduced both morning and evening BP as well as urinary albumin excretion rate compared with the control group who receive no add-on therapy. The success of chronotherapy is recognised in the American Diabetes Association guidelines, which specifically recommend the administration of ≥1 antihypertensive medications at bedtime [32] . However, chronotherapy may affect drug adherence since some patients tend to forget the bedtime dose.
Recommendation 6
Titration should be based on targeting a mean home BP of <135/85 mm Hg. However, in cases of high morning BP and normal evening BP, uptitration of drug treatment should be considered even if mean home BP is <135/85 mm Hg. HBPM may aid chronotherapy of hypertension by helping identify those patients who experience isolated morning hypertension (Class IIa, Level of Evidence B).
Application of home BP measurements into clinical hypertension guidelines
The JSH 2014 guidelines for the management of hypertension offer a stepwise pathway to diagnosing hypertension that recognises a role for HBPM, both as an initial screening tool and following a clinic measure of ≥140/90 mm Hg. A mean home BP measurement of ≥135/85 mm Hg is recommended as providing a definitive diagnosis of hypertension [9] . The 2015 hypertension guidelines of the Taiwan Society of Cardiology (TSOC) and the Taiwan Hypertension Society (TSH) also include HBPM within their diagnostic algorithm [33] . The guidelines recommend treatment based on an office BP measurement of ≥140/90 mm Hg (or ≥130/80 mm Hg in special patient groups) following confirmation of target organ damage. In patients with an office BP measurement of ≥140/90 mm Hg without target organ damage, the TSOC/TSH guidelines recommend either HBPM or ABPM.
Recommendation 7
Given the utility of HBPM, the expert panel suggests that HBPM may be incorporated into local clinical hypertension guidelines. The pragmatic foreseen problems are availability and affordability. However, these can be overcome by health authorities through partial reimbursement or lending home BP devices to patients (Class IIa, Level of Evidence C).
Telemonitoring of home BP
In addition to the use of nonvalidated devices, another potential disadvantage of HBPM is the inaccuracy of patient reports and the inability of physicians to derive any meaningful conclusions on the basis of handwritten patient BP logbooks. The combination of HBPM with teletransmission (telemonitoring) of patient data represents an opportunity to improve the accuracy and reliability of home BP reports. Moreover, the findings of a 6-month RCT showed that patient self-management of hypertension based on home BP teletransmission led to a better control of ambulatory BP than usual care involving office BP measurements [34] . The percentage of patients with daytime BP normalisation was higher with home-based teletransmission (62%) compared with usual care (50%; P < 0.05). Another RCT that compared usual care with self-measurement and transmission of BP readings to a secure website for review by a nurse or doctor showed a mean difference in daytime ambulatory BP of 4.3/2.3 mm Hg that favoured telemonitoring [35] . However, the intervention was associated with increased use of healthcare resources. Finally, a meta-analysis investigating the clinical utility and cost effectiveness of home BP telemonitoring concluded that the use of telemonitoring is more costly compared with usual care, but does offer a useful tool for improved control of hypertension [36] . What home BP measurement devices should be used?
The Chinese, Japanese, Korean, and European guidelines all recommend the use of validated HBPM devices [9, 10, 14, 15] . The Japanese and European guidelines specifically provide direction to websites that list available brachial BP measuring oscillometric devices that are validated for home use. However, these devices may not be practical for developing countries where the higher cost of validated devices may limit access. Nonvalidated devices are available, but there are questions regarding device accuracy. Another possibility for HBPM is the use of smartphonebased applications. A cross-sectional study evaluated the content of medical apps designed for hypertension management, with the top 107 apps analysed [37] . Although the majority of apps were designed for health management functions, 14% of Android apps could transform the smartphone into a medical device for measuring BP. However, none of these apps used a BP cuff or offered any validation against a gold standard.
Recommendation 9
Consistent with the need for medical device accuracy, the expert panel recommends that a validated brachial BP measuring oscillometric device should be used for measuring home BP (Class I, Level of Evidence C).
Where this is not feasible, for example due to the cost or limited access to the recommended device, the brachial BP measuring oscillometric device of choice should be calibrated every 6-12 months to ensure device accuracy (Class IIb, Level of Evidence C).
Future perspectives
As the value of HBPM is increasingly recognised in the literature and in national guidelines, its use will continue to rise in Asia, and HBPM should ultimately become part of the routine management of hypertension. The problems of cost and availability of home BP devices may be overcome by establishing borrowing systems for devices from village health workers or nearby clinics. Therefore, performing a series of home BP measurements for 3 to 7 days using the standard technique should be feasible for most patients. Average home BP should be determined first by averaging morning and night-time BP to see whether home BP is under control. This should then be followed by averaging morning home BP to investigate the presence of morning hypertension for further medication adjustment. These measures will allow the quality of BP control to be improved.
Successful utilisation of ICT-based HBPM has been demonstrated [35, 38] , and is now available and set up in some medical centres to receive home BP transmission from registered patients. Immediate consultation can be made from those patients living in remote areas as well as poststroke or disabled patients without having to travel or being transferred to see their doctors. ICT-based HBPM may be particularly beneficial in Asia where many countries have large remote or rural populations [39] , and further research is warranted.
Nocturnal hypertension detected via HBPM has been less well investigated, but studies have shown that it is associated with hypertensive organ damage [40, 41] . In the near future, basic home night-time BP monitoring devices should become more widely available. Nocturnal hypertension can be detected by this method [42] , and thus may offer a more practical alternative to the 24 h ABPM.
Conclusions
Although office BP measurement remains the cornerstone of hypertension management, HBPM is an important adjunct, providing accuracy in the diagnosis of hypertension through its ability to detect white-coat hypertension and masked hypertension, and thereby improving the appropriate management of disease. In addition to improving hypertension control, HBPM is superior to office BP measurements in predicting a future cardiovascular event. A key consideration in Asia is access to validated home BP devices, which often involve considerable out-of-pocket expense to the patient. Nonvalidated devices, while readily available, may only be used in exceptional circumstances. However, with constant technological improvements, it is anticipated that the cost of validated devices will continue to decrease. In concert with these advances, it is anticipated that patient self-care behaviours will improve and contribute to better diagnosis and treatment of hypertension. In the interim, reserving the use of home BP devices for those patients with high office BP in the absence of target organ damage and for patients with possible prehypertension based on office BP readings might be a suitable compromise.
The expert panel has developed a set of general recommendations for the use of HBPM. Where evidence originating from the region is currently absent, we are mindful that discussions arising from these recommendations will stimulate further research initiatives through which to inform subsequent iterations of the recommendations, with increased levels of evidence.
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